実験的急性膵壊死の肝、膵病態生理と penicillin の効果 by ISHIKAWA, TAKESHI
Title
Pathophysiology of the Liver and Pancreas in Experimentally
Produced Acute Pancreatic Necrosis and Therapeutic Effect of
Penicillin
Author(s)ISHIKAWA, TAKESHI




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
Pa thophysioloξy of the Liver and Pancreas in Experimentally 
Produced Acute Pancreatic Necrosis and 
Therapeutic Effect of Penicillin 
by 
T AKESHI ISHIKAWA 
From the 2nd Department of Surgerぅ， Kana田町iUniversity Medical School 
(Director: Prof. Dr. Icmo Ho>: JO) 
Rεじぞivedfm Publication Jan. 11, 1965 
CONTENT 
I. Introduction 
I. Materials and Methorls 
l. Materials and Pre duction of Acute Pancreatic Necn刷、
2. Measurement of九rteri,iland Portal Pressure' 
3. Determination of Ti田ueRespiration of the Li、er
4. Administration of Penicillin 
5. Bacteriological Studies of Hepatic and Pancreatic T1出 ue'
a. Anaerobic Culture of Tissue 
b. Determination of Lecithinase Aιtivit、inTissue and ？わum
6. Determination of Proteolytic Act1、1tyof Trypsin on C1噌 mand Inhibitory Effect of Penicillin 
a. Preparation of Trypsin Solution 
b. Determination of Proteolytic Act1vit、ofTrypsin on L、asein
7. Determination of Ti、＇lieRespiration under the Influence of Trypsm 
287 
8. Determination of Lecithinase主ct1v1ty in Pancreatic Juice, Su,pe11'ion of Pancreatic Tissue, Ethanol Ex” 
tract of Tissue and Pancreatin 
II. Results 
l. Change' in Arterial and Portnl Pressures and Laparotomy Findin巨sin Dogs of AculL' Pancreatic Necrosis 
2. Tissue Respiration of the Liver in Dogs of Aιute Pancreatic :¥ecrosis 
i .. ~111111λls "'ith《1L1tPenicillin ¥dnunistratron 
i. Animals with Penicillin .¥dministratio日
ii. .¥nimals of 主じutePancreatic Necrosi' with Penicillin .¥dmirn、tratron
3. Bacteriological Studies of Hepatic and Pancreatic Ti田ues
"・ Anaerobic Culture of Tissue 
1. Normal Animals 
i. Animals of Acute Pancreatic ＼町山川、 withoutPenicillin Administratwn 
ii. Animals of .:¥cute Pancreatic Necrosis with Penicillin Administration 
b. Lenthinase Activit、ofTi日ueand Serum 
1. Hepatic and Pancreatic Tissues in ：－＇＜！りrmal主nimals
i. .¥111mals of Acute Pancreatic Necrosis日ithoutPenicillinλcl mini刈ration
ii. Ammals of人cutePancreatic Necrosis with Penicillin Administration 
1. Proteolytic .¥ctiv1t、ofTrypsin on Casem and Inhibitory Effect of Peni口llm
5. Inhibitory Effect of Trypsin on Tissue Respiration 
6. Lecithinase Activity of Pancreatic Juice, Suspension of Pancreatic Tissue, Ethanol Extract of Pancreatic 





Pathological picture of acute pancreatic necrosis has been generally accepted to be 
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autodigestion伺 usedby proteolytic enzymes of the pancreas and a sort of intoxication due 
to proteolytic products, mechanism of which is, however, not yet clearly disclosed. Some 
investigators70>7•>95> insist ductal development of pancreatic necrosis四 usedby regurgitation 
of activated pancr，回ticenzymes from the pancreatic duct. It is, however, suspectable to 
conceive that activation of trypsinogen56> 80> 95l or increase in lipase activity9l alone can well 
explain the occurrence of pancreatic necrosis. REID et al. 79l did not admit the possibility 
of配 currenceof necrosis by pancreatic proteolytic enzymes such as trypsin. In addition, 
many assertions have been done to conceive that there preced白 circulatorydisturbance in 
glandular tissue10> 37> 51J 61l 75> 94> 95>. Concerning the cause of death of this disease, toxication 
due to destructive products of tissue digestion of trypsin87l, changes in chemical constitu-
tion of blood 1>25> 39> 52＞創刊7l109l, decrease in circulating blood volume caused by injuries80> 93l 
or increase in permeability of the vessel wall41l49>50101l112> and pancreatic apoplexia111> 
due to thrombus are pointed out. In recent years, WERLE and FoRELL30J105>101J emphasized 
collapse of the vessels due to dilatation effect of trypsin on the peripheral vessels. On 
the other hand, SILER and WuLSIN93> have insisted that the cause of death cannot be explained 
merely by anatomical spread of damage in the pancreatic tissue. DRAGSTEDT21l, LEWIS 
and WANGENSTEEN53> have maintained intoxication due to bacteriotoxin of anaerobic organism, 
particularly Clostridium welchii which commonly exists in the pancreas, liver and intestine. 
Furthermore, UuN and SoKOLIG101> also put the greatest emphasis on toxin production of 
Clostridium welchii which proliferates under hypoxia, ascertaining development of hypo-
volemia in animals of experimentally produced hemorrhagic pancreatitis. 
In parallel with advance in chemotherapy, excellent therapeutic effect of antibiotics 
for acute pancreatic necrosis and hemorrhagic pancreatitis has been recently recognized20> 
川町73>7> 9oi90. TsUBOI99l ioi has suggested that favorable effect of penicillin in acute paト
creatitisconsists in inhibition against proteolytic activity of pancreatic enzymes. Except the 
occasion of bacterial contamination, acute pancreatitis or pancreatic necrosis is generally 
considをr~d to be non-infectious inflammation, as its principal picture is etiologically nothing 
but necrosis without bacterial contamination. Therefore, antibiotics are indicated only in 
the aim of preventing secondary infection. On the other hand, as the studies on mecha-
nism which leads shock syndrome to an irreversible phase make an advancement15>15H5> 
54>92>, shock has come to be grasped as an analogical state of general hypoxia following 
circulatory disturbance, which leads rapidly to characteristic liver hypoxia60>110>. It is as・
sumed that irreversible phase of shock is established by vasodepressive material (VDM) 13l 
mobilized from the liver or toxin38J of anaerobic bacillus emigrated from that organ as its 
metabolism is impaired. Recent studies40>50l69l have revealed that mobilization of VDM and 
production of bacterial toxin are depressed by the early administration of antibiotics, decrease 
in hepatic tissue respiration being prevented, and animals can survive. 
If the cause of death at acute pancreatitis be largely participated by hypovolemic shock 
or toxin of anaerobic bacillus proliferating in hypoxic tissue, it is presumed that the meta-
bolic function of the liver is seriously disturbed, particularly, its aerobic metabolism is 
strongly disturbed from the initial stage, and also that the liver encounters the influence 
of proteolytic enzymes from the pancreas. At this point, the following experiment was 
designed to investigate pathophysiology of the liver in the development of experimentally 
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produced acute pancreatic necrosis, from the aspects of tissue respiration and bacteriology. 
At the same time, effect of penicillin on the development of the pathological state and the 
influence of proteolytic activity of trypsin, which was looked on to be a toxic factor, on 
aerobic metabolism of the liver were studied. 
I. MATERIALS AND METHODS 
1. Materials and Production of Acute Pancreatic Necrosis 
Adult mongrel dogs weighing 7 to 20 kg were used. The abdomen was opened 
with an upper median incision under intravenous anesthesia of Isozol (15 mg/kg body 
weight). 1.0 ml/kg body weight of autogenous bile was injected with pressure into the 
main pancreatic duct of WrRSUNG following the method of ARCHIBALo5>. The pancreatic 
duct was then doubly ligated and cut. 
2. Measurement of Arterial and Portal Pressures 
Arterial pressure was measured with a mercurial manometer connected to the femoral 
artery, and portal pressure was checked by an aqueous manometer connected with a 
polyethylene tube inserted to the portal ¥・ein through the superior mesenteric vein. 
3. Determination of Tissue Respiration of the Liver 
Pieces of liver tissue were taken by laparotomy under local anesthesia with 0.5 per 
cent Xylocaine from the peripheral region65J of the left inferior lobe before and 8, 16, 
24, 48 and 72 hours after the production of acute pancreatic necrosis, respectively. Tissue 
respiration of these tissue specimens were determined in WARBURG’s manometric apparatus 
by direct method102J 105>. The piece of liver tissue was immediately immersed in salt 
phosphate solution by a metthod described by FUJITA32J and cut into slice not exceeding 
the thickness of the critical slice with a razor32J In the main chamber of the apparatus, 
2.5 ml of salt phosphate solution (pH 7.4) containing 0.2 per cent glucose as the respira-
tory substrate was put. 0.2 ml of NaOH (10 per cent) was given in the center wall, 
which was covered with rolled filter paper for absorption of C02・ Airwithin the res-
piratory vessel was replaced with oxygen. The temperature was set at 37.5°C, and fre-
quency of shaking at llO r. p. m. After the determination, the liver slice was dried at 
100°C for 24 hours, and the slice was weighed. Oxygen consumption of the tissue was 
represented in the term of respiratory coefficient (Qo2). 
4. Administration of Penicillin 
30×104 units of oily procaine penicillin G was administered intramuscularly once a 
day, 3 times in al, directly after the production of the acute pancratic necrosis, and for 
succeeding 2 days. 
5. Bacteriological Studies of Hepatic and Pancreatic Tissues 
a. Anaerobic Culture of Tissue 
Some part of tissue was taken from the marginal region of the left inferior lobe of 
the liver and inferior arm of the pancreas in normal dogs and those of acute pancreatic 
necrosis. Pieces of the tissue were cut into small fragments aseptically, and cultured 
in liver-liver bouillon, which was further transfered to blood culture medium of ZEISSLER 
and plate culture medium of NAGLER modified from WEINBURG’s V. F. blood culture medium 
and cultured for 24 hours under anaerobic condition. From hemolytic reaction, lecithinase 
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reaction and the colonies of the culture, Clostridium perfringens (welchii) was identified. 
b. Determination of Lecithinase C Activity in Tissue and Serum 
• i. From hepatic and pancreatic tissues taken in a. mentioned above, suspension 
(5 per cent weight/volume homogenate) in saline solution was prepared, which was centri-
fuged for 60 minutes at 4000 r. p. m. Amount of αー toxin(lecithinase C) in the superna-
tant was determined following Ev AN’s modified method28> of lecitho-vittelin reaction58>, 
namely, titer of antitoxin consumed for neutralization of lecithinase activity contained in 
1.0 ml of the supernatant (Fig. 1). It is said that 1 unit of antitoxin (Lb) neutralizes 
57 mouse LD50 of toxinw. Lecithin solution was prepared following the method of VAN 
HEYNINGEN103>. Obtained value of α－toxin contained in 1.0 g of the tissue was converted 
to the term of mouse LD50・
i. Blood was taken from the femoral vein after the production of acute pancreatic 
necrosis with the lapse of time and αー toxin(lecithinase C) in 1.0 ml of serum was similar-
ly determined. 
6. Determination of Proteolytic Activity of Trypsin on Casein and Inhibitory Effect 
of Penicillin 
a. Preparation of Trypsin Solution 
Crystalline trypsin‘Trypure Novo' (Novo Industry, Denmark) was used. Crystalline 
trypsin was solved in salt phosphate buffer solution32> (pH 7.4) immediately before the 
experiment. 
b. Determination of Proteolytic Activity of Trypsin on Casein 
Trypsin activity for casein decomposition was determined following the method of 
Fuw-GRoss31> 0.1 per cent casein solution was prepared using Hammasten purified 
casein (E. Merck Co.). Casein digestion for 60 minutes at 38° C was pursued and the 
immediately anteceding number of the test tube of cloudy turbidity was adopted a:; trypsin 
I 38° ¥ unit (Tr一一）． 100, 250, 500, 1,000, 5,000 and 10,000 units of aqueous procaine peni-
¥ 60’／ 
cilin was added respectively in each experiment. 
No. of Te>t附 le叩 trolI I I I I li I IVi ¥' 1 VI -i Vil l咽政『 ；Cont仲 I 
陥 terial(ml〕 I0.2 0.2 I 0.21. 0.2I 0.2I 0.2! 0.2 I 0.2I 0.2I 0.2I 0.2 : 0 .2 
Cl. :.11 
I I I I 1°・gy) i 0.1 I 0.2l 0.4 i 0.6I 0.8i 引）
制限叩lution(ml) I 0.8 I 0.7 I 0.6 I 0.4! I 0.5I 0.1I 0.6 I 0.4i 0.2I I 0.7 
37 C 30min. Water bath 
竺士！ヱト！と（竺上竺止とI~~  I 0.5~I ~.5 , ~.5 . 竺」. ~~~ －.L竺ど：＿ i o~~ i o.5 
37°C 60min. Water bath 
Lb I 0.05 I 0.1I 0.21 0.4 ! 0.6 i 0.8 ' 1.0 : 2.0 I 3.0 I』.oI 
Fig. 1 Lecithovitelin Test (Modified Method of Evan、i
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7. Determination of Tissue Respiration under the Influence of Trypsin 
Trypsin solution of various concentrations was previously put in the side chamber of 
the apparatus, and after stirring, tissue suspension was made to contain trypsin in 0.05, 
0.25 and 0.5 per cent, respectively. Thus, tissue respiration of the hepatic slice was de-
termined with direct method. Wet weight of the slice was determined, 1 /5 of which was 
considered to be dried weight. 
8. Determination of Lecithinase Activity in Pancreatic Juice, Suspension of Pancrea-
tic Tissue, Ethanol Extract of Tissue and Pancreatin 
Pancreatic fistula was produced in dogs by inserting polyethylene tube into the main 
pancreatic duct. Pancreatic juiじcwas taken in the fasting state and 30 minutes after in-
travenous injection of 1 mg pilocarpine hydrochloride. Five per cent tissue suspension, as 
in 5. b., 1 per cent tissue extract in saline solution (extracted with 60% ethanol) and 1 
per cent pancreatin for control were prepared. Lecithinase activity of each 1.0 ml material 
was determined by yolk lecithin decomposition, i. e. lecithin decomposition for 60 minutes at 
38°C was pursued and immediately antececling number of the test tube of cloudy turbidity 
I 38° ¥ 
was taken as lecithinase unit I Lc l. 
¥ 60' I 
Il. RESULTS 
1. Changes in Arterial and Portal Pressures and Laparotomy Findings in Dogs of 
Acute Pancreatic Necrosis 
Pancreatic necrosis was produced in 5 animals. Arterial pressure ran只edfrom 100 
to 122 mmHg, being 115 mmHg on the average, and portal pressure ranged from 88 to 
104 mmH20, with the average of 96 mmH~O, before the production of pancreatic necrosis. 
After the production of pancreatic necrosis, arterial pressure fluctuated from 5 to 20 mmHg 
irregularly, with similarly slight fluctuation of 5 to 20 mmH20 in portal pressure. These 
flucuations in tl1e pressure restored around the level which was observed before the produc-
tion of pancreatic necrosis, approximately 30 minutes later, without significant fluctuation 
thereafter. A tendency of gradual fal in arterial pressure was observed towards 5th hour 
in a single白鳥 and6th hour in other 4 cases, after the production of pancreatic necrosis. 
At the same time, a tendency of elev引 ionof portal pressure was observed (Tab. 1 and 
l’） . Eight hours after the production of pancreatic necrosis, arterial pressure was 25 mmHg 
lower, on the average, and portal pressure 40 mmH20 higher, similarly on the average, 
than the level before the operation. These changes in arterial and portal pressuree are 
shown in Fig. 2. 
Laparotomy finding revealed an accumulation of large amount of bloody ascite只 inal 
cases 6 hours after the production of pancreatic necrosis, with remarkable edema and 
hemorrhage in the pancreatic tissue and, furthermore, fat necrosis in the surrounding tissues. 
Such picture developed, gradually aggravating to final necrosis of the pancreatic tissue, 
leading al 5 animals to death 50 to 70 hours after the production of pancreatic necrosis. 
2. Tissue Respiration of the Liver in Dogs of Acute Pancreatic Necrosis 
i. Animals without Penicillin Administration 






Tab. 1’Changes in Portal Blood Pressure in Dogs of Acute Pancreatic Necrosis (mmH20) …ntrol l川20
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creatic necrosis. Before the onset of the disease, it was 9.4 to 10.3, 9.8 on the average, 
whicl1 increased by 4 per cent of normal level to be 9.9 to 10.7, 10.4 on the average, 8 
hours after the production of pancreatic necrosis. At 16th hour, it returned to almost 
normal level. At 24th hour, it became 8.0 to 8.4, 8.2 on the average, showing decrease 
of 15 per cent of normal level (Tab. 2). Hepatic Qo2 of more than 24 hours after the 
production of pancreatic necrosis was determined in 11 dogs. Before the production of 
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pancreatic necrosis, it was 8.8 to 10.9, 9.8 on the average, which was followed by gradual 
decrease as 7.1 to 10.6, 8.3 on the average, at 24th hour, 5.1 to 8.8, 7.7 on the average 
at 48 th hour, and 4.4 to 9.2, 6.4 on the average at 72nd hour. Hepatic Qo2 showed 
gradual decrease with the lapse of time, extent of the decrease being 15 per cent at 24th 
hour, 22 per cent at 48th hour and 35 per cent at 72nd hour, respectively. Nine animals 
out of 11 died 72 hours after the onset of the disease, survival rate being as low as 10 
per cent (Tab. 3, Fig. 3). 
i. Animals with Penicillin Administration 
Hepatic Qo2 until 24 th hour was determined in 3 dogs after the production of pancrea-
tic necrosis. It was 8.8 to 10.1, 9.7 on the average, before the production of pancreatic 
necrosis, which was followed by an average increase of 6 per cent of normal level to be 
9.8 to 11.2, 10.3 on the average, 8 hours after the production of pancreatic necrosis. At 
16th hour, it decreased slightly to be 9.1 to 9.8, 9.3 on the average. It further decreased 
by 8 per cent of normal level at 24th hour to be 8.5 to 9.5, 9.0 on the average (Tab. 
4). Hepatic Qo2 of more than 24 hours after the production of pancreatic necrosis was 
determined in 11 dogs. It was 9.0 to 10.6, 9.7 on the average, before the production of 
pancreatic necrosis, which was followed by an decrease as 7.6 to 9.5, 8.7 on the average 
at 24th hour, 6.2 to 9.9, 8.1 on the average at 48 th hour and 5.9 to 9.1, 7.8 on the 
Tab. 2 Hepatic Oo~ in Dogs of Acute Pancreatic Necro，昨日』thout入drrnn"tr.1tinnof Penicilin 
I~ Body weight i Bef 
(kg) ! Nm i 、
6 I合 I s.o 9.4 I 
7 . ;; 9.5 9.7 i 
9 ；♀ 1 9.5 10.3 I 
Mean value 
Rate of Q句 change
9.8 
















Tab. 3 Hepatic Qnz in Dogs of主cutePancreatic N町ro州、＼＼＂ ith• 川Itλdn1 in1、trλt1<111 of Penicilin 
No. of」 B《均 weight I Before Pan- I After 21 hrs. I 

















24 I合 I 12.0 
25 I♀ I 7.5 
26 I♀ I 7.5 
21 I♀ I 8.o 
28 I合 I 10.0 
zg I♀ I 10.s 
30 I合 I 12.s 
－一一
Mean value 

















48 hrs. I 72 h日 1 Outcome 













































Fig. 3 Changes in Ti"iie Respirntion of the Li、円 inAcute 
Pancreatic Necrosis without Treatment 
72 hrs. 
Tab. 4 Hepatic q，ηin ［）｛｝伶 ofAじut~ Pancreatic N町 ro,;,with Administrntion of Penicillin 





Rate of Qo2 change 
Body we1日ht i Before Pancreatic 
(kg) i Necrosis 
10.5 I 9.2 
9.0 I 8.8 
9.5 10.1 
9.7 
Aft山 rs. I 16 hrs. 
9.8 9.1 







average at 72nd hour. Extent of decrease in hepatic Qo2 was 10 per cent at 24th hour, 
17 per cent at 48th hour and 21 per cent at 72nd hour, which was invariably more slight 
than the decrease in animals without administration of penicillin. Until 72nd hour of the 
disease, death occured in 4 cases, survival rate being as increased as to 64 per cent (Tab. 
5, Fig. 4). 
3. Bacterioloεical Studies of Hepatic and Pancreatic Tissue 
a. Anaerobic （‘ulture of Tissue 
i. Normal Animals 
Hepatic and pancreatic tissues of 5 normal dogs were cultured. In al cases, hemolytic 
reaction and lecithinase reaction could be recognized. Numerous colonies of Clostridium 
perfringens (welchii) were observed. On the other hand, these tissues were taken from 
3 clogs, and cultured 24 hours after intramuscular administration of 30×104 units of peni-
cilin. Hemolytic reaction and lecithinase reaction were positive, and growth of Clostridium 
perfringens could be observed also (Tab. 6 and 7). 
i. Animals of Acute Pancreatic Necrosis without Penicillin Administration 
Tab. 5 
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72hr,., 。 48 
Pancreatic necrosis was produced in 3 dogs and hepatic and pancreatic tissues were 
taken and provided for anaerobic culture 6, 12, 18, 24 and 48 hours after the production 
of pancreatic necrosis. Hemolytic reaction and lecithinase reaction were invariably positive 
in every material and Clostridium welchii proliferated also in引 er:¥material (Tab. 8 and 
9). 
ii. Animals of Acute Pancreatic Necrosis with Penicillin Administration 
Studies were carried out in 3 dogs. Hemolytic reaction, lecithinase reaction and growth 
of Clostridium welchii could be observed in al cases (Tab. 8 and 9) ・ 
24 
Fig. 4 Changes in Ti川町 Respirationof the Liver in Acute 
Pancreatic N町行刷、 uith Penicilin Treatment 
第2号
Anaerobic Culture of Liver Ti悼 ui>of Dogs 
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Zeissler's Culture Medium 
H引】1《》 ICJ.、elιh1
17.0 l 一｜ （＋｝ ｜（＋）
12.s I C＋’｜（＋） 
s.o , - I c +) I C +) 
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11.0 i - I ( + I I ( ＋〕
15.5 30 x ID' ! C +) I C +) 
16.5 I 30xl04 j <+1 j (+) 
11.5 30×104 I I+) I ( +) 
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Anaerobic Culture of Li、erTi日uein Acute Pancreatic Necrosis 
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Lεcithinase Activity of Tissue and 
Serum 
i. Hepatic and Pancreatic Tissues 
in Normal Animals 
In al 5 dogs, lecithinase activity could 
not be observed in the liver tissue, while 
intense activity of lecithinase could be observ-
ed invariably in the pancreatic tissue (Tab. 10). 
i. Animals of Acute Pancreatic 
Necrosis without Penicillin Adー
ロlm1stration
In 8 dogs pancreatic necrosis was produced and activity of Iecithinase C originating 
from Clostridium welchii was determined with the lapse of time. Six hours after the 
onset of the disease, lecithinase activity could not be detected in the liver in any case. At 
12th hour of the disease, activity of lecithinase C could be demonstrated in the liver of 4 
cases out of 8, it being 112 mouse LD50 in 2 cas白 and224 mouse LD50 in 2 other句史s.
At 18th hour of the disease, activity of lecithinase C could be demonstrated in the liver 
of al 8 cases. 羽Tiththe only exception of dog No. 95, activity of lecithinase C increased 
as time went on and death occurred in 7 cases out of these 8 (Tab. 11). 
Lecithinase C activity was also determined in peripheral blood of experimental 
with the lapse of time. The activity, however, could not be found in aロy
any ti灯le.
ii. Animals of Acute Pancreatic Necrosis with Penicillin Administration 
Pancreatic necrosis was produced in 7 dogs and lecithinase C activity was determined 
with the lapse of time. At 6th hour of the disease, lecithinase C activity could not be 
demonstrated in the liver of al cases. The activity was observed in the liver of 3伺 ses
out of 7, 12 hours after the onset of the disease, it being 112 mouse LD50 in 2四sesand 
224 mouse LD50 in one. At 18th hour of the disease, lecithinase C activity could be 
observed in the liver of 6 cases, it being found at 24th hour in the remaining 1 case. 
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Intrahepatic Lecithinase C Activity in Dogs of Acute Pancreatic 
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whereas 2 animals, in which the activity incre泡sedgradually, died (Tab. 12). Similarly 
to the control animals, lecithinase C activity could not be demonstrated in peripheral blood 
of al the experimental animals at any time. 
Tab. 12 Intrahepatic Lecithinase C .-¥ct1、ityin Dogs of.¥cute Pancreatic 
:¥ecr・削、treated 、1thPenicilin (30 X l04Units for 3 days) 
No of 比 ；Bodyweight: 

















































































































































82 ♀ l 10.0 
83 ♀ i 10.5 
84 ！♀ 1.5 
88 Ci 16.0 
90 ♀ 1.0 
91 ♀ 15.5 
92 Ci 16.5 
4. Proteolytic Activity of Trypsin on 
Casein and lnhihitory Effect of Peni-
cillin 
Proteolytic activity of 10.0mg of crystalline 
I 3~0 ¥ trypsin on casein i. e. trypsin unit (Tr一一 ）
¥ 60' I 
Tab. 13 Proteolytic Acti、・1t、ofCrystaline 
Trypsin (10.0 mg I and Inhibitory 
Effect of Penicilin 1 F<id-Crn＂’ 
恥1ethod)
O.J 0n Ca '; . Penicilin‘：1<1uPc川、
＂》 lllllOll , , ' 
pH 7」 （ml! I l 'llit I 
was 26. In casein solution containing aqueous z.o 
penicillin (100, 250, 500, 1,000, 5,000, 10,000 2.0 
38° 5 2.0 units, respectively), Tr was 26, 25, 2ヘ2,
60” ” 2.0 
26 and 25, suggesting that proteolytic activity 2.0 
of trypsin was sαrcely inhihited by penicillin 2.0 
(Tab. 13). 2.0 
5. Inhibitory Effect of Trypsin on Tissue Respiration 
Hepatic Qo2 in 0.05 per cent trypsin Tab. 14 
solution showed decrease of 4 per cent or 
increase of 5 per cent compared with Qo2 in 
control, showing an increase of 1.5 per cent 
on the average. In the solution of 0.25 per ~o・ of J Hepatic 0.0:)00 0.25°;, 0.5°0 
cent, it showed increase of 3 to 9 per cent, ~＇~ _' ＜全 Tn1i:、1 Trypsin Tn psin 
5.4 per cent on the ave時 e It increased 51 I 9.4 
by 3 to 11 per 印 ntin the solution of 0.5 52 , 9.2 
per c削， 6.2per c削 increaseon the川
However, these changes in oxygen consump- 55 I 10・2 
tion cannot be accepted to be significant co~－ 57 1 8・9 
pared with hepatic Qo2 in normal animals, revealinεat least no inhibitory effect on tissue 
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6. Lecithinase Activity of Pancreatic Juice, Suspension of Pancreatic Tissue, Ethanol 
Extract of Pancreatic Tissue and Pancreatin 
Lecithinase activity was determined in the material from 5 dogs and crude pancreatin, 
38 
and an average Lc of the pancreatic juice in the fasting state was 2'. The activity of 
60' 
pancreatic juice after the injection of 1 mg pilocarpine markedly incre脱 dto Lc竺fof 210 
60' 
The activity of 5 per cent suspension of pancreatic tissue was 29, on the average, and in 
38° 1 per cent tissue extract in saline solution Lc was 27, on the average. Finally, in 1 
60' 
38° 
per cent solution of pancreatin Lc was 24, on the average (Tah. 15). 
60' 
IV. DISCUSSION 
Characteristic feature of acute pancreatic necrosis, a serious type of acute pancreatitis, 
is wide-spread necrosis of the pancreatic tissue and shock state accompanied by exudation 
of corporeal fluid. It has long been pointed out that besides its proteolytic activity, tryp-
sin has pharmacodynamic effect30> 72> 84> to lower arterial pressure, effect of alterating coagula-
tion mechanism24>29＞川町 andchemical constitution25> of blood and effect of increasing 
permeability or injuring of the vassel wall80J83l_ 
In the present experiment, dogs of acute pancreatic necrosis produced following the 
method of ARCHIBALD5> showed the tendency of gradual fal of arterial pressure and eleva-
tion of portal pressure from 6 hours after the onset of the disease, which was also ac-
companied by the accumulation of bloody ascites. These changes developed in parallel 
with the course of the disease and finally necrosis occurred in the pancreas. 
Tissue respiration is the most basic metabolism of organism to maintain its life and 
it is oxygen consumption in the reaction performed by oxidation同reductionenzymes within 
the cels. Tissue respiration comes to decay generally in the state of general anoxia or 
circulatory collapse. WrLHELMr108> observed in rats that hepatic tissue respiration decreased 
in proportion to the length of time of the interruption of the hepatic proper artery. 
RussELL86> also noticed that hepatic tissue respiration decreased depending upon the degree 
of shock, in the experiment of hemorrhagic shock in rat. In the present experiment, aerohic 
I 38こ＼
Tab. 15 Lecithinase L山、it、（Le ) inPancreatic Juice, Pancreatin, Surpen引のnドIPancreatic 
¥ 60’／ 
Tissue and 60% Ethanol Extract of the Pancreas (each 1.0 ml) 
;¥Jo 
Pancreatic Juice !Pancrea山 Juiceaft rl 
I % Pancreatin 5 °o Suぇpe1刊1n 1 °0Extract f the In~Jtion of cl P川 lffι！、 cf Panere：トm tト11υ I 0 mg ccarpme 
I 24 zn つ1 zs 27 
2 24 210 23 zs zs. 
3 23 210 24 29 z6 
4 24 z9 24 z9 25 
5 24 210 25 z9 27 
Mean 24 210 24 z9 z; 
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metabolism (tissue respiration) increased slightly 8 hours after the production of pancreatic 
necrosis, which, however, decreased in parallel with the development of the disease there-
after. In other words, if trypsin drains into the liver through portal flow19H3>7s>, the liver 
comes to be exposed continuously to circulatory disturbance caused by trypsin pharmacody-
namically84>, finally being led to serious anoxia, with resulting disturbance of various func-
tion of liver cel, particularly disturbance of aerobic metabolism. Accordingly, the degree 
of aerobic metabolism can be deemed as indicative of the severity of the disease. From 
another standpoint, it is suggested that the state of decreased hepatic tissue respiration is 
les resistant against hypoxia. On the other hand, it is accepted that hepatic anoxia en・
hances the mobilization of VDM (anaerobic reductive ferritin) or bacterial toxin which 
establishes irreversible phase of shock15>50>92>114>. In general, occurrence of liver failure at 
acute pancreatic necrosis obviously presumed from retention of B. S. P., 12> hyperlipemia13>34> 
or hypoprothrombinemia13>. MIRSKY and Frrnrs62> reported that repeatedly performed intra-
venous administration of trypsin resulted in shock, including hepatorenal failure, the liver 
being congested and swollen with scattered focal necrosis. 
In the present experiment, mortality in animals without administration of penicillin 
was 90 per cent, which was lessened to 36 per cent by penicillin administered immediately 
after the onset of the disease, decrease in hepatic tissne respiration also being held in only 
a slight degree. This finding is obviously accepted to demonstrate more slight disturbance 
of aerobic metabolism of the liver in回 seswith administration of penicillin. Jndging from 
the above mentioned effect of penicillin, bacterial toxin, particnlarly that of anaerobic bacil-
lus, Clostridium welchii is pointed out as a cause of death in pancreatic necrosis14>21>27>28> 
83>89>. UuN and SoKOLIG101> did not seek the 回 useof death in pancreatic necrosis in 
specific toxicity of proteolytic enzymes of the pancreas itself nor in the non-specific intoxica-
tion due to proteolytic product, but they ascertained development of hypovolemia and their 
attention was attracted to anoxia or the toxin of Clostridium welchii which proliferated as 
the result of anoxia. In this respect, KEITH48l reported a decrease ・of 33 per cent in cir-
culating blood volume and that of 30 per cent in the red blood cel in the patients of acute 
pancreatitis. Since αtoxin (lecithinase C) of Clostridinm welchii, which is said to be 
lethal toxin, increases permeability日 ofcapillaries and cel membrane and inactivates re旬
spiratory enzymes of the cels26l, enhancing necrosis or hemolysis28l, it plays an important 
role in the development of irreversible shock15l45l54l_ Here, the curative effect of penicillin 
is understood to be attributable to the antibiotic or bactericidal inhibition of toxin produc-
tion90>91>. However, LEWIS and WANGENSTEEN53l observed unexpectedly higher mortality 
in acute pancreatitis produced after commonly existing bacteria was sterilized, and they found 
that the effect of pretreatment with polyvalent antitoxin was inferior to that of penicillin 
administered towards the onset of the disease. There are some investigators6>9Bl who do 
not attribute the mechanism of penicillin effect in anoxia solely to the bactericidal effect. 
Common existence of Clostridium welchii was ascertained in 100 per cent by anaerobic 
culture of hepatic and pancreatic tissue of dog. Clostridium welchii could be invariably 
found in the culture of the normal tissues 24 hours after the administration of penicillin. 
Results of the culture were also invariably positive after the production of acute pancreatic 
necrosis, regardless of administration of penicillin, a toxin (lecithinase C) being demon-
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strated in the liver 12 to 24 hours later. The activity of lecithinase C was, however, lower 
in animals of penicillin administration than those of control. In addition, lecithinase C 
disappeared earlier in experimental animals and these animals survived. Clostridium 
welchii forms spore under aerobic condition and proliferates and produces toxin as the 
condition changes to anaerobic one due to hypoxia. Among various toxin produced by 
Clostridium welchii, a~toxin was identified to be lecithinase C by VAN HEYNINGEN103J, 
which was produced at proliferative phase. Production of the toxin is influenced by various 
conditions such as pH of the culture medium or Fe concentration. PAPPENHEIMER71J re-
ported that the lower the concentration of non-hemin Fe, the more toxin production was 
enhanced. MIHASHI2l53> also observed descension of pH and of oxidation reduction potentiali-
ty and proliferation of bacteria, 2 hours after the interruption of blood flow to the muscles. 
NAGLER64> observed the maximum toxin production at 5th hour of the culture of Clostri-
dium welchii, and maintained that the liver was mostly suited to the growth of Clostri・
dium welchii. 
It is understandable that penicillin inhibited the growth of Clostridium welchii in the 
present experiment. However, it is presumed from invariable existence of Clostridium 
welchii demonstrated regardless of administration of penicillin, that penicillin did not neces-
sarily lessen activity of lecithinase C in the liver simply by its bactericidal effect, but the 
growth was replaced by formation of spore due to the change brought about by penicillin 
in the physical and chemical conditions suited to the growth of anaerobic bacillus. It is 
frequently observed in cases of gas gangrene that the growth of Clostridium welchii is ex-
plosive, however, it ceases its growth rapidly as the environment is improved•>. On the 
other hand, it is said that bactericidal effect of penicillin acts at the logarithmic phase of 
growth•>. NAKASE65) demonstrated that mobilization of ferritin of the liver could be pre-
vented after the interruption of the hepatic artery by penicillin administered immediately 
after it. KUBOTA 50> also observed that penicillin could prevent decrease in aerobic metabo-
!ism by estimating tissue respiration in favorite site of liver necrosis following the interrup-
tion of the hepatic artery. As these effects of penicillin田nbe observed already in the 
stadium in which toxin of Clostridium welchii, which proliferates in the anoxic liver after 
the interruption of the hepatic artery40> 10>, has nothing to do with the disease proc出向 it
is presumed that the effect of penicillin rather consists in the inhibition of pathogenic po・
tential, as postulated by ALTEMEIER4l, than bactericidal activity. 
Cells of the tissue perform respiration under well arranged connection of oxidation 
and reduction enzymes. However, cel respiration is inhibited, when the close relationship 
of the enzymes is disturbed, even if certain enzymes are not affected. As a cause of gra-
dual decrease in tissue respiration of the liver at acute pancreatic necrosis in the present 
experiment, proteolytic activity of trypsin ag呂instcellular construction can be pointed out, 
besides hypoxia in the liver caused by a pharmacodynamic fal of blood pressure due to 
trypsin liberated from the pancreas. BA TTELLI and STERN8> observed that trypsin extracted 
from the pancre1s had inhibitory effect on oxidation process in the tissue, and suggested 
destruction of apo・orholoferment of succinoxidase group. On the other hand, it is ad-
mitteci that trypsin has extremely weak activity against natural protein and viable cels3l' 
ancl DRAGSTEDT22> observed insusceptibility of normal viable cels to this enzyme. In the 
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present experiment, hepatic tissue respiration was not affected in vitro by the coexistence 
of trypsin. REID et aJ79>. also insisted that production of oxidative energy was remarkably 
inhibited in homogenate of the liver, kidney and heart by pancreas homogenate or pancreatic 
vagal juice, but the inhibitory effect could hardly be observed by the use of crystalline 
trypsin or crystalline chymotrypsin and they maintained that the organized tissues such as 
in the form of slice were not affected by trypsin. In other words, viable cells are insuscepti-
ble to trypsin and it is presumed that in the process of pancreatic necrosis or decrease in 
hepatic tissue respiration these changes are brought about by an decrease in blood supply 
for the maintenance of metabolism of the tissue cells due to fal of blood pr回sureor 
hypovolemia as a result of vasospasm which are pharmacodynamically caused by intrapan-
creatic activation or liberation should be emphasized rather than enzymochemical effect. 
Although TsuBOI99> 10> suggested that clinical effect of penicillin consists in the inhibi-
tion of trypsin activity or lipase, CRONE-MUNZEBROCKm asserted that inhibitory effect for 
pancreatic enzymes as trypsin or lipase could not be demonstrated and effect of penicillin 
seen in pancreatic necrosis would be attributed to the bactericidal effect. In the present 
experiment also, proteolytic activity of crystalline trypsin in casein digestion was hardly 
affected by addition of penicillin of various dosis. 
From the finding of invariable existence of Clostridium welchii in the li:ver and pan-
creas and that of decrease in mortality of dogs in pancreatic necrosis 伺 usedby admini-
stration of penicillin, bacterial toxin lecithinase C （α－toxin) originating from anaerobic 
bacillus might be considered to be a factor of lethality in pathophysiology of the liver and 
pancreas at acute pancreatic necrosis. In the present experiment, intense lipolytic activity 
on lecithin was demonstrated in the pancreatic tissue or pancreatic juice. Lecithinase C26> 
is produced by anaerobic clostridium proliferating in anaerobic condition of the tissue and 
different from pancr回 togeniclecithinase (phospholipase) in its origin. In 1932, BELFANTI 
and NrKUNI67> smilarly discovered in the pancreas an enzyme which decomposed lecithin. 
ScHMIDT88> identified this enzyme in the pancreas to be lecithinase (phospholipase) A and 
B. Furthermore, NYGAARD and SUMMER69> observed that pancreatogenic lecithinase, i. e. 
lecithinase A, as well as lecithinase C of Clostridium welchii, entirely inactivated oxidation 
activity of succinate oxidase or cytochrom oxidase, and ascertained that abundantly contained 
lecithin as cement substance7> between these two enzym田 wasdestructed in this process. 
Existence of lecithinase in the pancreatic tissue and pancreatic juice enables to presume 
strong possibility that this enzyme is closely related as well as lecithinase C, to a series of 
pathophysiology such as development of pancreatic necrosis and hemorrhage or hypovole-
mic shock following liberation of the enzyme. Pancreatogenic lecithinase is also contained 
in various snake toxin as crotoxin58>, but it is probable that lecithinase A closely associates 
with necrotic process or hypovolemic shock similarly to lecithinase C, since lecithinase A 
originally exists in the pancreatic tissue and juice. Based on the fact that the oxidation 
of succinate oxidase is strongly inhibited by pancreatic vagal juice, REID et aJ.19> had a 
concept concerning the mechanism in the development of pancreatic necrosis that it was at-
tributable to the fact that the reaction of protein molecule synthesizing enzymes (inducer) 
in glandular cels, which normally synthesize pancreatic excretory enzymes (digestive en-
zymes), proceeds in the opposite direction of the synthesis. But there is no study on other 
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enzymes than proteolytic ones. Hence, BLUMENTHAL and PROBSTEIN11J are sceptic of this 
concept, because existence of inactivating substances of respiratory enzyme (succinoxidase) 
also in vagal juice and at development of wide-spread necrosis in the intraperitoneal adi-
pose tissue besides the pancr回 sat pancreatic necrosis cannot be explained by inverse r回 c-
tion of digestive enzyme inducers. 
However, in the present experiment, lecithinase activity could not be demonstrated by 
lecithovittelin reaction in circulating blood at any stadium of pancreatic necrosis. FURR et 
al. 3l reported that detection of lecithinase C in blood stream by the use of lecithovittelin 
reaction was unsuccessful even after intravenous injection of the enzyme of large amount 
exceeding lethal dosis. 
GRON'..:HI35> observed that lecithinase A is ethanol soluble and DRAGSTEDT23l104l extracted 
pancreatic antifatty liver hormone (lipocaic) with 60 per cent ethanol. REID et al., 79l as 
mentioned in the above, observed existence of respiration inhibiting substance in vagal juice. 
All these findings are assumed to be closely related to the observation of the present ex-
periment that lecithinase (phospholipase) could be demonstrated in the pancreatic juice and 
pancreatic homogenate, and a high activity of lecithinase (A) was observed in 60 per cent 
ethanol extract and in the pancreatic juice after the injection of pilocarpine. 
Physiological significance and excretion process of pancreatic lecithinase are not clari-
fied. It may be excreted through the duct as digestive enzyme. However, judging from 
the fact that lecithinase activity cannot be detected except pro I if era ting phase of Clostri-
dium welchii in the normal liver, the most important organ in the intermediate metabo-
lism of lipids, it is presumed that besides its effect as exocrine digestive enzyme pancreatic 
lecithinase may possibly participate in the intermediate process of the metabolism of com-
pound lipids according to the principle of ‘exocrine-endocrine partition '45> 82J. It is reported 
that fatty liver develops in totally depancreatized dogs with insulin treatment23> 104>, and it 
is also said that in essential hyperlipemia49> observed in relapsing pancreatitis, and atheroma-
tous arteriosclerosis78J, disturbance of pancreatic function can be observed as well as ab-
normality and dysfunction of intermediate metabolism of lipids. On the other hand, it is 
reported that pancreatitis can be produced by feeding animals with high fat and low pro-
tein diet3則的． Accordingly, the facts such as increased permeability due to pancreatic 
lecithinase, hemorrhage associated to the destruction of phospholipids18J in cellular membrane 
and inactivation66> of thrombokinase, inactivation of dehydrogenase and electrone transfer 
system in respiratory enzymes should also be pointed out in the pathological process of 
pancreatic necrosis. 
V. SUMMARY 
Pathophysiology or the cause of death in acute pancreatic necrosis is not well clari-
fied, and the pancreas itself remains to be an interesting and attractive organ to many 
physiologists. As a factor in cause of death or in the development of pancreatic necrosis, 
damage of the tissue caused by autodigestion of pancre会ticdigestivピ enzymes,particularly 
that of trypsin and hypovolemic shock have been most emphasized. 
In the present experiment, acute pancreatic necrosis was produced and influence of 
penicillin on hepatic tissue respiration was studied. The results obtained are summarized 
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in the below. 
1. After the production of acute pancreatic necrosis, blood pressure fel gradually and 
portal pressure elevated progressively from 6th hour of the disease. At this stadium, 
hemorrhage and edema in the pancreatic tissue and necrosis in the surrounding adipose 
tissue were observed. Bloody exudate accumulated in the peritoneal 四vity. These find-
ings aggravated gradually. 
2. Approximately 72 hours after the production of pancr回 tic necrosis, 90 per cent 
of experimental animals died, whereas the mortality was as low as 36 per cent when peni-
cilin was administered from the moment immediately after the onset of the disease. 
3. Tissue respiration of the liver in acute pancreatic necrosis decreased progressively 
from 24th hour of the disease. On the contrary, the decrease in tissue respiration of the 
liver was in a slight degree in animals with penicillin administration. 
4. Clostridium welchii that produces lethal バー toxin(lecithinase C) could be com-
monly demonstrated in the liver and pancreas of dogs regardless of the administration of 
penicillin. 
5. In the development of acute pancreatic necrosis, it was 12 to 18 hours after the 
onset of the disease that lecithinase C was produced in the liver, which gradually increased 
on. On the other hand, in animals of penicillin administration also, lecithinase C was 
demonstrated in the liver 12 to 18 hours after the onset of the disease. However, the 
activity was relatively low and it disappeared shortly. 
6. Lecithinase activity was not demonstrated in normal liver tissue whereas in the 
pancreatic tissue remarkable activity of lecithinase could be observed. 
7. Proteolytic activity of trypsin was not affected by penicillin. 
8. Tissue respiration of the liver was not affected by trypsin in vitro. 
9. In the ethanol extract from the pancreatic juice and pancreatic tissue, lecithinase 
activity was observed, and the activity in the pancreatic juice markedly increased after the 
injection of pilocarpine. 
As summarized in the above, after the production of acute pancreatic necrosis, gradual 
decrease in tissue respiration of the liver and increase in lecithinase C activity due to 
growth of Clostridium welchii in the liver were observed. By the administration of peni-
cilin, decrease in tissue respiration in the liver was lessened and increase in lecithinase C 
activity was also inhibited, with resulting decrease in mortality of experimental animals. 
On the other hand, it is presumed that existence of pancreatic lecithinase A in the pan-
creatic iuice and pancreatic tissue having the similar toxicity as the bacterial lecithinase C 
has an important significance as well as trypsin in the development of panceratic necrosis 
and hypovolemia. 
In accomplishing the pre町ntpaper, the author is greatly indebted to Prof. Dr. kH10 HoNJO for his enthu"a-
stic and kind guidances and encouragemenいthroughoutthe course of the ex閃rim~nt, the author ;, also grateful 
to Prof. Dr. SHOKI NISHIDA in the Dept. of Bacteriology in the University for his valuable advice' for bacteriolo-
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和文抄録
実験的急性勝壊死の肝、勝病態生理とpenicillinの効果
合；·1 ＇.大』、y：医’予1郊外科；r~ 2講座 （主任 ・司、r-t.夫教皮 i
Ti } 1 
乞¥'f'/lj¥iJ.i，町：の杓態生ITJの特徴は広汎えIJ'itllf；品、ゥ接9E
とfl、被，riit:l I 1，を伴う sh日ck症状であろ． ：れらの病態




hypovolemic sh町k ない し h、P＂＂＂の結果， 4，~•： ＇fi性樗
前 （Cl.wekhii1が噌嫡すると して， 死因にはl均百言葉





に好気的f¥:,fl＜二重大な 影停が現われるこ とl土p 一般
、hockの研究で明らかにされた．
急性出血性tW炎や 急性特壊苑でも 肝倹能が fj，~ ＂与 さ
れ ， 他方， 抗生物質の投与わII判決 何ーの死亡率を 、： 1 1~ ，レ さ
せてきている．そこで，実験的急性l作J襲死におし、て，
j~ lj；，＇.す る ljf抑止ゴペ，，低酸素症の彫慢を 11~ も強〈 ’乏ける
肝の病rm生理や勝組織の壊死発現の機序を組織呼吸並








2) 急性lj半壊苑作1r~ （ 1， ， ほぽ72時間で実験犬は90 °0






4) jょの肝および勝内にlま致死的議ぷ とL);). lる匁
lit素 ＜I民：ithin；問（.， ~ケ産生する＼＼ ·dch i泊が－，；；，・作しF
penicilinキ投与しても｜治培養成紛では市l二陽性であっ
"'・ 






6l 正常肝t可l織でl土r lec1tl11 
かつたがP 伴組縦では常に lecitl】it】e】＇＜＇ ；／＇／＂宇l土箸し方益つ
ナー
7) tn・p,inの仁川、ein ~j·、 fo/U,'1'1ィ t penicilinで日l.害さ
れなかった．
8) 肝組織呼吸lt, in vitroで tryp,inによって阻
害されなかった．
9) ~ ；： J夜および林組織の ぞthane》l1li出物』こ［立l町 i-
thin；‘同 活性がI認められた．さ ら（二 pi！仙cirpineit守j後
円 ir,・Kて。 I t，活nン，~；著I殉に地加した．
以 l，実験的に急性作媛死を作成する とp 肝組織句史
吸lti Mi欠低下して肝内に＼＼・ekli：五）c'l:x r:Jo再逮（I，ど1tl11,N'
U がJ菌加したが， penicilin ~ tz'.1；.する ことにより肝
組織呼吸の低下が軽減された．その結果p 肝内 kci-
th inn兜 C ;:rinの増加1，抑制され て， ’lこ験犬の死亡率
は低下した． 一方，q竿液および旅組織内に＼＼.dd1:'i. 
;1) .；｝~と同様に作用する lec i thin，同 Iphospholipa日）！叩
ぶ（1-{Eするこ とからp 日卒壊死発現や1i,・prn＇》lemicsh• •ck 
の州法に lecithinaseI＼＼が tf)'Jbllと－JI.，に重要ご1＇｝：前
キ；前ずる丸のと推測されお
